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ABSTRACT: Two kinds of (hydroxypropyl)calluloses (HPCs) with different molar substitu-
tion (MS) and three types of derivatives based on the HPCs: (acetoxypropyl)celluloses,
(ethoxypropyl)celluloses, and (cyanoethoxypropyl)celluloses were synthesized, and their ther-
mal and mesomorphic properties were investigated. All samples, which exhibit cholesteric re-
flection colours at room temperature, formed fight-handed helicoidal structures whose optical
pitches (Ay,) increase with temperature. Howgver, the isotropization (7)) and glass tempera-
tures, the magnitude of A, of the mesophase pt the same temperature, and the temperature
dependence of A, of the investigated derivatives highly depended on MS and the length and
structure of the side chain introduced in HPC. The results were discussed in terms of the dif-
ference in the polarity and flexibility of the sybstituents and the distance between the main
chains. For all derivatives, A, values approached infinity at temperatures above the T of the
mesophase, and no reversal in the sense of the pitch with temperature was detected.

Keywords: (hydroxypropyl)celluloses and their derivatives, molar substitution, cholesteric pitch,
length and structure of the side chain.
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Figure 1. Structures of HPC, APC, EPC, and CNPC.
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Table 1. Preparative Conditions for HPCs and
Their Molecular Characteristics®

sample [NaOH]® [PO] ¢ pressure MS? DS

code [AHG] [AHG] (bar)

HPC-1 0.8 20 10 49 262

HPC-2 0.8 20 30 54 2.65
% The etherification was carried out in the presence of the hex-
ane as diluent solvent at 70 'C for 16 h. ® Molar ratio of NaOH/
anhydroglucose (AHG) unit. © Molar ratio of propylene oxide
(PO)/AHG. ¢ By 'H-NMR measurement. ° By '*C-NMR mea-
surement.
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W)= g

APC, EPC2} CNPCe| &M, APCE Tseng $°)°
He Ang o FAIUT. o] A<t
& ke A3 A= HPCO &Ajse OH7|7} oAl
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Figure 2. FT-IR spectra of (a) cellulose, (b} HPC-1,

and (c) HPC-2.

(2)
Ju ™S
oo,
(b)
_,_L~J/\~J \\_._JL

T T Y
7 6 5 4 3 2 1 0 Ppm

Figure 3. 'H-NMR spectra of (a) HPC-1 and (b)
HPC-2.
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Figure 4. '’C-NMR spectra of (a) HPC-1 and (b)
HPC-2 at room temperature. Solvent: D,O; accumula-
tion: 1100-2700.
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Figure 5. FT-IR spectra of (a) CNPC-1, (b) EPC-1,
and (c) APC-1.
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Figure 6. Optical microscopic textures in the mesophase for (a) HPC-2, (b) EPC-2, and (c) CNPC-2 at 30 C. The
micrograph of (d) shows the texture of the mesophase of HPC-2 at 120 C.
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Figure 7. DSC thermograms of (a) HPC-1, (b) APC-
1, (c) EPC-1, and (d) CNPC-1.
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Table 2. Thermal and Cholesteric Mesophase
Properties of HPCs, Their Ester and Ether Deriv-
atives

sample T, TP T b/ Ty TW
code () (¢) () 10°om'K") (K
HPC-1 system

HPC-1 -28 145 225 -1.085 518
APC-1 -45 110 193 -1.214 457
EPC-1 -50. 97 180 -1.312 440
CNPC-1 -32 119 167 -1.424 425
HPC-2 system
HPC-2 -37 135 205 -0.935 513
APC-2 -55 100 180 -1.050 455
EPC-2 -58 90 175 -1.137 437
CNPC-2 -40 112 160 -1.270 417

%Glass temperature determined by DSC measurement.
b Isotropization temperature determined by polarization micros-
copy. ¢ Degradation temperature determined by DSC measure-
ment. ¢ Slope of plot /lm'l against 7. ¢ Compensation tempera-
ture evaluated from the extrapolation of the plot in Figure 10 to
infinite A,
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Table 228E @ 4= QI5o], HPC-2852€ A=
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Figure 8. Temperature dependence of the wave-
length of (a} C=N streching band in CNPC-1 and (b)
C=0 streching band in APC-1.

o2 Bz} wety Ao Adtes F49) dolst
AoASTE ZHE oS Fasd B opgt F4
el Alg A st FHL| ds A A
(AHAH] F7HERH zAEHe ez A7E
o} 49, MS7t €48 449 T, HPC>CNPC
>APC>EPCe w02 ¥& ZH¥gS uehddh
HPC7} HPCHEA ] s Tg7h i3] w2 AR
& Z3fo] ZHo|7t HPCHEA S vls] Frob 2HR-Al
Fo| agat FAl OHaERe] AUE F22%
ol o3 AIHES AT AAH e BHzF
B zIHs Aoz AAdd. CNPCe APCe}
EPCel vl8] Z49 ghasrt 1) Bed= &F3)
3 CNPCe] T,= APCs} EPCd uls] 433] &
Agg Yehdol. 9% HPC2%H Az¥" CNPC,
APCe} EPCOl &39] AL A 5488 AR
A4 oy AMES nE ©, CNPC>
APC>EPCe] €02 Tt & ARe F2 43
2zkel AgE 9| Aol2 A AIHNES IH&F9
Aot E 5z Alol2 i ZzesEE Aoz YA
Cholesteric Pitche| 2T ol&EN. 22§ WA
71dA CDE &A% ol Figure 99 (a)-(e)d)
etk BE fFEAES 2kd FA3 &9
CD# 25 vepdch Table 29 Uehd thE A2
= FY d4e Jeldioh ol8d Apde HPCH

EZe2|o] A25¢d A2z 20014 34

EPCY 281 HPCS] perflurorooctanoate]®® tj §t
Z9 d7Aze} FAA £ Aol A nE
HFEAES $=dgre] UYMTERE 2|d cholesteric
e B9%E ouiditt.

Cholesteric pitch (p)o} CDA®lEH ] Zdje] vt
A (A) el A= drle] oz Yepyoll
E]_‘BZ

Am = np (3)

q7M ne& G HEEHEEE dehdoh #E
pitch (1,)& UV-VISAHlEHe] Hrje] Zu7]

Supad)] @M BRo] 7hssieh 12 UV-VIS &
HAeele] o 24 HPC-29 AS$-& Figure 99 (f)
o Jehdth Figure 99 (b)2h (f)2 vt o
f & 5 U%o], 4 2xoA CDe} UV-VISAdHE
Ho| el = A8 FUsith ol A2 Re
Angl 2Rz UV-VISHol fadhe AT +
Udh B dAyeMe 7t AEEY A, CD &2
UV-VISZA o ZA&Ah 4,0l 800 nmol’d
o] Hlz XA T o2& &% d9dA= CD
s} UV-VIS &3 8] A,& 2HE + gl p7t
oF 1 mojidel ZAfde HFEv|HA o3 A&
(fingerprint) 22o] FaA=™ = Fz2 o Hotdel
1A Z3A A pE 2RY 5 Aok U
ATFNA A Z3 ZE AEES A0 800 nmo]
ol H XA Tl °]27|717] Figure 69 1}
}o} 2& focal conic %% = THIANE
o] Z3o] AHEHE ZANE P8 EZAHLS
31x] 2ottt (Figure 6(d) 1), matA], o] &
°—E‘.°ﬂ"1\_ pE 2AE & YA

W77 wasl HPCS}S3 HPC Suas’ 111416
w3 ATrdne} LA £ AFM Axd =
FEAEY 1,5 LE7 A5 wat Frkske

rt[oit _i°‘

4 F

il e
o

A

oB‘i.?.E.oE:,rl-E

FBL o} ox

Are el (Figure 9 #31). HPCH- =] S9)
BRiE pol 2RAEHS #rle APl o8
7]%5]3‘_:_ 3\ -X=1 E:ﬂﬂoi O]C}'G-S.IO,MJS

MLrﬂrlné

1/p=061—-T/Ty) €

714 b A BEY FRA 9

B
QE
rir
ol
5
i



(a)

)

)
'
o
> 4r
i
5
8 -6F
@]
(&}
-8 o 100°C  120°C
60°C 50°c
25°¢
_10 L 1 L 1 L L
300 400 500 600 700 800
]

CD (arbitrary units)
> IS ro
T T T
:;j :n

-8 259c  40°C s0°c

S 1 1
300 400 500 600 700 800

CD (arbitrary units)
Y IS o
T T T

-8+ 259¢ 35°C 40°C
_10 i 1 1 1 1 L
300 400 500 600 700 800
Wavelength/nm

- utgd ] + Yoshinobu Tsujii

0
(b)
—_~ -2F
2
‘c
3
>
8§ r
:’é‘
s
a o
O
-8F 25%c  s0°c 80°C  100°C
_10__\; H Y I 1 1 A,
300 400 500 600 700 800
0
(d)
2t
)
5
> 4T
s
._‘é
s -6r
Q
&}
-8r 25°c 40°C  s0°C
10 1 L 1 1 L L
300 400 500 600 700 800
1.0
4]
28°¢C o o o
o 08} 60°C  g0°C 100°C
o
c
©
2
S 06} \
o
©
<
L 04}
&
Q
Q
<
0.2}F
00 1 1 I 1 1
300 400 500 600 700 £00

Wavelength/nm

Figure 9. CD spectra of (a) HPC-1, (b) HPC-2, (c) APC-1, (d) EPC-1, and (¢) CNPC-1 at different temperatures.
The spectra (f) represent the apparent absorption spectra of HPC-2, which were obtained by means of a UV-VIS

spectrophotometer.
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Figure 10. (a) Temperature dependence of the opti-
cal pitch (4,,) for HPC-1 and its derivatives. The dot-
ted and dot-dash curves represent the results for APC
reported by Rusig et o' and for EPC reported by
Ritcey and Gray,'© respectively (see text for details).
(b) Temperature dependence of the pitch for HPC-2
and its derivatives. Open marks are from reflection
wavelengths measured by UV-VIS spectra.
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